adjustment model will result from the minimiza-in a fixed target Z* toward which the actual value tion of a loss function that takes the form Z, adjusts in the long-run. (I-(Z1 _ ^2 2 However, the notion of a fixed target has been L, = 'Yl(Z-Z) 2 + 2 (Zt -Zt-) 2 , criticized by many economists, including Nerlove where L, is the loss incurred by a producer in pe-himself (1979) , as unrealistic in the context of opriod t in the supply of an agricultural product, Z* is timization under dynamic conditions. A more rethe desired or long-run equilibrium level of some alistic approach that has recently been proposed for variable Z, and is defined according to stationary analyzing supply response of agricultural products expectations of some conditioning variables to-is the application of an error correction model that ward which adjustments are made in the long-run. captures both short-run dynamics and adjustments Minimization of L t in equation (1) with respect to toward long-run equilibrium. Following the work Z, will yield the partial adjustment model of Nickell (1985) and Hendry and von UngemSteinberg (1981) , Hallam and Zanoli (1993) dem-(2) AZ, = Z, -Z_,1 = y(Z* -Zt), onstrate that a more realistic, forward-looking parwhere (= is the coefficient of adjustmenttial adjustment model is nested within the error where y (= Yl'/Y2) is the coefficient of adjustment, correction model that results from the miniiza-AZ, is the actual change, Z* -Z, is the desired correction model that results from the minimizachange, and A is the first-difference operator. Zt i on of a more genral intertemporal quadratic loss change, and A is the first-difference operator. Zn is function. It is in this spirit we are using the error usually expressed in terms of expected product and correction model to examine the supply response input prices. The model assumes that there is an od to ine the su equilibrium toward which producers are moving in of tomato production the Northeast the long-run. This movement toward the long-run equilibrium is determined on the basis of a static theory of optimization, which assumes that future 2 Hallam and Zanoli (1993) OUT, to changes in the regressors and is the error correction coefficient. If all the variables in equawhere In OUT, is the aggregate tomato production tion (4) have unit roots and are cointegrated, then in the Northeast expressed in natural logarithms. the ECM in (5) will represent the short-run behavThe model in equation (3) is consistent with a wide ior of the supply response in (4). Parameter X, array of possible processes that describe the move-which is negative in general, measures the speed of ment of output toward the desired level (Hallam adjustment toward the long-run equilibrium relaand Zanoli 1993). Following previous work, the tionship between the variables in (4). desired production of fresh tomatoes in the Northeast (In OUT*) is assumed to be a linear function of expectations of a set of explanatory variables as Johansen and Juselius Cointegration Tests in equations (4) 
AX, = rlAX,_ + r 2 AX,2 + ...
The cost of producing tomatoes is also an important factor that influences farmers' production decisions, but a consistent data series on where the cost of production could not be obtained for a reasonable period of our sample. Lopez and Munoz (1987) 
we do not include cost of production as an explanatory variable in our model. and (9) II = I -1 -. .. -n time series contain linear trends but the cointegratEquation (7) differs from a standard first-differ-ing equations do not. This hypothesis can be evaluence version of a VAR model only by the presence ated by testing the null hypothesis that = 0 in of the IIXt,_ term in it. 4 It is this term that contains equation (7) against the alternative that + O by information about the long-run equilibrium rela-an LR test statistic distributed as with degrees of tionship between the variables in X t. If the rank of freedom equal to m -r (Lee and Chung 1995) . II matrix r is 0 < r < m, then there are two matrices ot and p, each with dimension m x r such that otp' = II. r represents the number of cointegrating re-Results lationships among the variables in X,. The matrix p contains the elements of r cointegrating vectors Before the cointegrating equation (7) is estimated, and has the property that the elements of P'X, are all the variables must be tested for the presence of stationary. at is the matrix of error correction pa-unit roots. First, the ADF test was performed on rameters that measure the speed of adjustments in the time series on In OUT, In TPR, In PRS, In AX,. p is an m x 1 vector that contains linear time UNL, In POP, In WAG, and WEA. The ADF test trends in the nonstationary process of X,.
procedure involves estimating the following reJohansen and Juselius (1990) demonstrate that P gression: matrix, which contains the cointegrating vectors, can be estimated as the eigenvector associated with (13) AYt = a + PY, 1 + E yAY, + pt +E, the r largest eigenvalues of the following equation:
j='
where Y, is the variable of concern and t is a time trend. The null hypothesis that Yt has a unit root where Soo contains residuals from a least square en e nll p esis at Yhas a unt root implies 3 = 0 in equation (13). So, testing whether regression of AX n AXAXtk, Sk s = 0 in (13) means testing the null hypothesis the residual matrix from the least square regression rf X,_, An *X,_,,, and S,, is the cross-product that Y~ has a unit root against the alternative that it of it-1 on AXr-k+l, and Sok is the cross-product is integrated of order zero. The optimum lag length matrix. These eigenvalues can be used to construct in c b s m in (13) was chosen based on the Akaike's final a log likelihood ratio (LR) test statistic called a p n e r ( c trace test, which is used to test the hypothesis that fredi the ADF test on the levels te variaest formed the ADF test on the levels of the variables there are at most r cointegraing vectors in model both with and without the deterministic time trend roots. To confirm this, we also performed the ADF Johansen and Juselius (1990) also provide an-test on the first difference of the variables both other LR statistic known as the maximum eigen-with and without the deterministic time trend. With value test, which is more powerful than the trace the first difference of the variables, the null hytest. The maximum eigenvalue test is calculated as pothesis that a variable is integrated of order two is tested against the alternative that a variable is in-(12) Xmx =-2 ln(Qrir+l)=-Tln(l-Xr+l). tegrated of order one. At the 95% significance level, the null hypothesis is rejected in each case. With the maximum eigenvalue test, the null hy-level, the null hypothesis is rejected in each case. pothesis that there are r -1 cointegrating vectors is The ADF test results, thus, suggest that all the time pothesis that there are r -1 cointegrating vectors is h ros tested against the alternative that there are only r ers, except WEA, have unit roots. cointegrating vectors. In the Johansen and Juselius Perron ( and Piips and Perron procedure, we initially maintain the hypothesis that p se a sees of noarametric tests that have several advantages over the ADF test. The PhillipsPerron tests are more powerful than the ADF test, In UNL, In WAG, and In POP can have any mean-22/^~~ " Iingful cointegrating relationship between them. where u* and at are error terms and Tis the sample Before we estimate equation (7), we must also size. Using the regression results of equations (14) determine the optimum lag length k. Following the and (15), we compute the following test statistics: procedure adopted by Lee and Chung (1995) , we first estimated equation (7) as the unrestricted (16) (1) Z(ct*) tests Ho: a* = 1 in (14) model with k arbitrarily set equal to 5. This unre- (6) Z(cP 2 ) tests Ho: i = 3 = 0 and model in equation (7) is 4. a = 1 in (15) Table 2 presents the trace and maximum eigen--(" 7 )etH: anvalue test statistics and the coefficients of the coin-(22) (7) Z( 3 ) t1ests H: 3 = 0 and tegrating vector that have been normalized on in o= I in (15).
OUT. The trace test and the maximum eigenvalue In each case, the H o is tested against the alter-test both reject the null hypothesis of no cointegranative that Y, is stationary. Since these statistics are tion at the 99% significance level. Both tests conasymptotically equivalent to the corresponding firm that there are at least two cointegrating vecDickey-Fuller tests, the critical values from Fuller tors at the 99% significance level. Furthermore, (1976) and Dickey and Fuller (1981) can be used both tests indicate a possibility of a third cointe- grating vector at the 95% significance level. Be-major role in shifting the supply response in Northcause we know that the more stable the specified eastern tomato production. But contrary to their relationship is, the greater the number of cointe-findings that imports have had only a modest imgrated vectors (Van den Berg and Jayanetti 1993), pact on regional tomato production during the our cointegrating results indicate that a strong post-World War II period, our results suggest that long-run equilibrium relationship exists between a strong long-run equilibrium relationship has exthe five variables. isted between the decline in tomato production and The normalized coefficients reported in table 2 the increase in tomato imports. Wage rate also are estimates of the long-run elasticities of North-seems to have had a significant negative impact on eastern fresh tomato production with respect to to-tomato production. mato price, wage rate, imports from competing re-
The most interesting finding of our study, howgions, and suburban pressure. The negative coef-ever, is that there has been a strong negative corficients for the long-run supply elasticity confirms relation between tomato production and prices rethat tomato price and production have moved in ceived by farmers during the post-World War II opposite directions in the long run. It also implies period. This finding does not support the argument that the negative impacts of suburban pressure, made by some (e.g., Wysong, Leigh, and Ganguly wage rates, and imports have been more significant 1984) that there are sufficient price incentives for than the positive effect of its own price in deter-Northeastern tomato producers to take on a bigger mining farmers' production decisions.
share of the market. Our results, however, do conSeveral interesting findings emerge from our re-firm the claim that nonprice factors such as imports suits. The coefficients obtained for wage rate, im-and urban pressure have played significant roles in ports, and urban pressure are statistically signifi-shifting the competitiveness of tomato production cant and have negative signs. This finding indi-in the Northeast. cates that these three variables have played signifNext, we examine the short-run dynamics (or the icant roles in determining tomato production in the direction of causality) between the variables in the Northeast and that they all have had negative im-cointegration equation by estimating the error corpacts on tomato production during the 1949-94 rection model in equation (5). Estimating error corperiod. These results confirm the findings of Lopez rection models involve regressing the first differand Munoz (1987) that urban pressure has played a ence of each variable in the cointegration equation on the lagged values of the first-differences of all ment of any disequilibrium toward a long-run equithe variables and the lagged value of the error cor-librium state. The error correction term is signifirection term (et_i) obtained from the cointegrated cant only in the output equation. Significance of X regression. The appropriate lag length for each in the output equation implies that tomato producregressor in each model was chosen based on tion adjusts to changes in prices, imports, wage Akaike's FPE criterion. All possible combinations rate, and population pressure, and its value of 0.96 of one to four lags were examined. According to indicates that the adjustments toward equilibrium Granger (1980) and Engle and Granger (1987) , as take place almost instantaneously. Considering the long as two or more variables are cointegrated, a fact that tomato is an annual crop, instantaneous causality has to exist in at least one direction. That adjustments in production imply that farmers adis, for example, in the error correction model in (5), just their production choices to changes in ecothe Granger causality implies causality from the nomic and demographic conditions almost on an independent variables in levels to the dependent annual basis. variable In OUT. Testing for Granger causality requires only testing whether X in (5) is significantly different from zero. Even if the coefficients Summary and Conclusions of the lagged changes in the independent variables are not statistically significant, Granger causality Past studies of agricultural supply response have still can exist as long as X is significantly different been based mainly on the partial adjustment model, from zero (Choudhry 1995, p. 665) .
which assumes a fixed target supply toward which The ECM estimations results are presented in farmers adjust their production in the long run. In table 3. The chi-square statistics in brackets show a recent article, Hallam and Zanoli (1993) demonwhether the sum of the coefficients is significantly strate that the partial adjustment model is only a different from zero. Although the Granger causal-special case of the error correction model. They ity test in the output equation implies that price show that the error correction modeling technique Granger causes production, this causation is not a is more relevant in modeling agricultural supply statistically significant one. In other words, it im-response than is the partial adjustment model. The plies that although there is a positive relationship error correction form is a useful modeling procebetween price and production in the short run, this dure to uncover long-run equilibrium relationships relationship is not statistically significant. A simi-between macroeconomic time series and short-run lar interpretation can be given to the coefficients dynamics associated with such relationships. for wage rate, suburban pressure, and imports. SigIn this article, we have employed cointegration nificance of X is determined by the t-ratio given and error correction modeling procedure to exambelow the coefficient. The magnitude of the error ine the responsiveness of Northeastern tomato procorrection coefficient indicates the speed of adjust-duction to changes in economic and demographic However, contrary to the findings of all previous 874-88. studies, the results of the present paper show that Nickell, S. 1985 suggests that the effect of the increase in price has Osterwald-Lenum, M. 1992 . "A Note with Fractiles of the Asbeen negated by population pressure and competi- production, and import data were collected extends bor (USDA, Agricultural Marketing Service, from July through September. various issues). To obtain statewide data on . Northeasten tomato production (OUT): The labor quantity, we divided the total expendi-1. Northeastern tomato production (OUT): The annual tomato production in the seven states ture on contract and hired labor by the averwas summed.
age wage rate. The expenditure data were obtained from the NASS. We then used average 2. Price of fresh tomato (TPR). The annual agtained from the NASS. We then used average gregate production and the average annual state wage rate and the number of hours to tomato price for the seven states were used to construct the wage rate for the Northeast. construct a weighted sum of state prices. The 6. Stallings' weather index (WEA). Stallings shares of total tomato receipts for individual Index (Stallings 1960 ) was used to measure states were used as weights. The data were the effect of weather on fresh tomato yields. obtained from the National Agricultural StaThe Stallings' Index was constructed as the tistics Service (NASS), a division of the weighted ratio of actual to expected yields of USDA.
sweet corn and processing tomatoes-two 3. Price of substitute crops (PRS). Since there vegetables whose growing seasons coincide are many crops farmers can choose as alterwith that of fresh tomatoes in the Northeast. natives to fresh market tomato production in
The predicted yields obtained from regressthe Northeast, a Divisia price index was used ing yield on time were used as expected as the price of substitute crops. Annual prices yields. Revenue shares of the two crops were and quantities of sweet corn and pepper, used as weights. whose planting seasons coincide with that of 7. Unloads from competing regions (UNL). fresh tomatoes, were used to construct the Fresh Fruits and Vegetable Unloads in EastDivisia price index. Inclusion of these two ern Cities (USDA, Agricultural Marketing crops is justified by the fact that their harvest Service 1962-86) reports annual shipments labor requirements are quite similar to those of fresh tomatoes from competing regions to of fresh market tomatoes. The production and major cities in the Northeast. These cities inprice data are available from the NASS.
elude Albany, Baltimore, Boston, Buffalo, 4. Urban pressure (POP). Pressure from suburNew York City, Philadelphia, and Pittsburgh. banization on farming was measured by the But the data are available only for the period log of population in the Northeast excluding 1962-86. To estimate other data, we used a metropolitan statistical areas (MSA). The procedure similar to that used by Lopez and MSAs in the Northeast include Baltimore, Munoz (1987) ; that is, we extrapolated the Buffalo, New York City, Newark, Philadelexisting series to obtain the data for the phia, Pittsburgh, and Nassau- Suffolk-New 1949-61 and 1987-94 periods. For the period York. This measure is used as a proxy for 1962-86, unloads were regressed on the ratio urban pressure on agriculture, and its use is of U.S. personal income to Northeastern perjustified because the process of suburbanizasonal income (Bureau of the Census, Historition involves forces that diverge nonfarming cal Statistics and Statistical Abstract), the raeconomic activities away from urban centers tio of U.S. tomato yields to Northeastern tointo rural and farming areas (Lopez and Mumato yields (NASS), the price index for noz 1987 
